Capillary electrophoresis is a relatively new analytical technique that has begun to have an impact in the clinical laboratory, both for routine analyses and for those that are more esoteric. Its potential for automated, rapid, high-efficiency separations makes it appealing as a replacement for some of the more labor-intensive assays carried out in electrophoretic gels and as a complement to companion techniques such as HPLC. Among the many attractive characteristics of this technology is its versatility for analyses of a diverse spectrum of analytes, ranging from small organic ions to macromolecular protein complexes or DNA. The focus of this commentary is to familiarize the clinical scientist with the instrumentation and principles of capillary electrophoretic separation and to review the recent research demonstrating the applicability of this technology to the clinical laboratory. 
Capillary Electrophoresis

Electrophoretic Separation in a Capillary
The physical characteristics of the capillary itself make it ideal for electrophoresis. high voltage is applied to the system. The applied voltage causes the analytes to migrate through the capillary and past a detector window, where information is collected and stored by an appropriate dataacquisition system. Two electrically driven phenomena contribute to the mobility of the analyte under the conditions described above: electrophoretic mobility of the analyte itself and electroosmotic flow of the bulk solution. The electrophoretic mobility (1ep) of a particle in an electric field is described by l.Lep = vepE' = q(6 iir where e1, is the electrophoretic velocity, E is the field strength, q is the net charge of the analyte, r is the Stokes radius, and i is the viscosity of the solvent.
Hence, when a voltage is applied to the system, mdi-
Fig. 1. Capillary zone electrophoresis: (bottom) general configura-
tion for CE instrumentation as described in the text; (top panels) effect of the two dominant forces, electrophoretic mobility and electroosmotic flow (EOF), during the electrophoretic process. During sample separation, the individual analytes are driven in the appropriate direction by their inherentelectrophoretic mobility (neutral speciesare static, anionic speciesmove towards the anode, and cationic species movetowards the cathode) with a magnitude represented by the arrows. Concurrently, the EOF of buffer towards the cathode, with a magnitude greater than the Individual electrophoretic mobilitles, resultsin electrophoretic zone formation as all analytes (neutral,positive, and negative) are sweptpastthe detector.
vidual analytes migrate with an electrophoretic direction and velocity that is generally determined by their charge and mass. With certain analytes under specific conditions, other variables such as shape and hydrophobicity have also been shown to affect Pep (7) Concurrent with analyte mobility due to electrophoresis is the net movement of buffer towards the cathode due to the electroosmotic force, the result of the negative charge imparted to the inner surface of the capillary by the bare silica. Cations along the capifiary wall form an organized double layer that, under an applied field, is propelled along the wall in the direction of the cathode. Unless altered through the addition of buffer additives, the use of a coated capillary, or low-pH buffers, the electroosmotic force is usually adequate to force the movement of all molecules towards the cathode and past the detector. This includes those with a net negative charge, which are electrophoretically drawn toward the anode [assuming a polarity of(anode)-'--+--(detector)--(cathode)]. Subsequently, the analyte order in any given electropherogram has the fastest migrating species passing the detector window first and the slowest passing last (i.e., peaks from left to right represent the fastest to slowest migration). This is illustrated in the upper part of Fig. 1 .
Speed of analysis.
As a result of the small capillary dimensions [50-75 m (i.d.)], the high surface-to-volume ratio affords a very efficient dissipation of Joule heat generated from applied fields. As a result, CZE An optical system gathers and relays light from the source lamp onto a bundle of fibers that split to provide an optical channel for each capillary; unabsorbed light is directed through a fiber optic system either to individual detectors or to a multiplexing device associated with a single detector.
Routine Clinical Capillary Electrophoresis
Although CE is well on its way to being accepted in the analytical laboratory, it is yet to be given serious consideration as a bona fide tool in the clinical laboratory. The sparse literature on the clinical applications of CE does not necessarily represent a lack of interest in cCE (which I believe is substantial) but probably does reflect an apprehension about CE and whether it has evolved to the point where it can reliably contribute in the clinical laboratory. has not been clearly defined. This is of particular concern, given the deleterious effects that sample matrix (particularly high ionic strength) has on separation (16 (15) . Given the technical impossibility of first separating the isoenzymes and then uniformly applying a substrate within the capillary, substrate is added to the running buffer, which is kept at the pH required for optimal enzyme activity. Application of an electric field for a short period allows rapid separation of the isoenzymes; at this point, the applied voltage is interrupted (the system is "parked"), which allows the resolved isoenzymes to catalyze the conversion of substrate in the running buffer to product. When the electric field in reestablished, the amount of product formed is quantitated at the detector window by measuring absorbance at Amas for the product (Fig. 5) . The utility of CE for enzyme assays has been shown previously (22) ; however, a protocol involving on-line catalysis extends the possibility for CE analysis to numerous clinically relevant isoenzymes such as the A and B forms of 13-Nacetyiglucosaminidase, the P and S types of amylase, creatine 
Specialized Clinical Capillary Electrophoresls
One of the advantages of CE is that it is not restricted to the analysis of proteins.
In this regard, it is very similar to HPLC, having been shown to effectively and rapidly resolve a diverse array of analytes including small molecules and organic/inorganic ions (25) . The versatility associated with the multiple-mode capabilities of CE (outlined in Table 1 Zare and coworkers (26) were among the first to show the power of CE for determining drug concentrations in plasma. They found that solid-phase extraction and a concentration step were required for detection of methotrexate and its metabolites. Using CE with LIF detection, they could measure concentrations as low as 0.1-1 nmol/L. Nishi et al. (27) , using MECC, showed that sample preparation for detecting aspoxicillin could be avoided by direct injection of plasma. They suggested that including sodium dodecyl sulfate (SDS) in the buffer minimized protein adsorption onto the wall and thus obviated sample preparation.
Using similar methodology, Prunonosa et al. (28) showed that the antihypertensive drug cicletanine could be monitored in plasma. The chiral carbon in the furopyridine nucleus of this structure means that S( +) and R( -) forms of the drug exist. Using MECC and a separation buffer containing both SDS and y-cyclodextrins, they could separate the S( +) and R( -) forms in <15 mm. Indeed, plasma samples extracted with organic solvents could be accurately analyzed for the drug forms to a detection limit of 10 g/L. its major metabolite in serum of individuals exposed to these chemicals; minor organic extraction of the serum was required, and the detection limit was 100 g/L. They also used CE to simultaneously quantify the bipyridylium herbicides, paraquat and diquat, in serum (45) . Using fortified human serum and detection at 200 nni, they were able to detect and quantify these herbicides at 50 g/L after a rapid organic extraction with a C18 cartridge.
Other Proteins
Although with analysis of <8 miii. 
cCE: Future Prospects
As evidenced by the dramatic increase in CE literature over the past 5 years (21) , interest in this technology is escalating and its acceptance by the analytical laboratory has begun. The preceding sections have, hopefully, provided a convincing case for the translocation of CE from the analytical laboratory to the clinical environment.
From the investigations described here, CE clearly has the potential for improving several of the standard analyses (routine and specialized) currently used in the clinical laboratory. CE will also have a potential impact in several other areas. While it is not possible to define all of these, some of the more obvious applications are listed in Table 2 With the ability to inject 1-100 L, the achievable detection limit with this technology will be enhanced 500-to 1000-fold (manuscript in preparation). Hence, this mode of CE presents the possibility of detecting analytes in biological matrices without precolumn extraction.
As CE undergoes its natural maturation into a bona fide analytical tool, the technology-both engineering! design and methods development-should reach a level where CE is one of the premier analytical techniques available.
By that time, its simplistic design, rapid analysis time, automation, and low reagent costs will make it not only a desirable component in the clinical laboratory, but also a necessary one.
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